Here we present results of the first comprehensive study of sulphur compounds and methane in the oligotrophic tropical West Pacific Ocean. The concentrations of dimethylsuphide (DMS), dimethylsulphoniopropionate (DMSP), dimethylsulphoxide (DMSO), and methane (CH 4 ), as well as various phytoplankton marker pigments in the and DMSP as well as DMSP and DMSO with chlorophyll a, which suggests a similar source for both compounds. Similar phytoplankton groups were identified as being important for the DMSO and DMSP pool, thus, the same algae taxa might produce both DMSP and DMSO. In contrast, phytoplankton seemed to play only a minor role for the DMS distribution in the western Pacific Ocean. DMSO (particulate and total) and CH 4 , were found along the transit. We conclude that both DMSP and DMSO serve as substrates for methanogenic bacteria in the western Pacific Ocean.
Introduction
Oceanic dimethylsulphide (DMS) is the most important source of biogenic sulphur to the atmosphere and, thus, the oceanic DMS flux constitutes a significant component of the global sulphur cycle (see e.g. Vogt and Liss, 2009 ). The oceanic distributions of DMS and its major precursor dimethylsulphoniopropionate (DMSP) result from a 5 complex interplay of biological and non-biological pathways, such as formation by phytoplankton and microbial cleavage of DMSP to DMS on the one hand, and microbial consumption as well as photochemical oxidation of DMS and its loss to the atmosphere on the other hand (Simó, 2004; Stefels et al., 2007; Vogt and Liss, 2009; Schäfer et al., 2010) . Although dimethylsulphoxide (DMSO) is recognized as an important reservoir of 10 sulphur in the ocean, its production and consumption pathways are poorly understood. The principal production mechanisms for DMSO are the photochemical and bacterial oxidation of DMS, as well as direct synthesis in marine algae cells (Lee and De Mora, 1999; Lee et al., 1999a) . Bacterial consumption, reduction to DMS, further oxidation to dimethylsulphone (DMSO 2 ) and export to deep waters via sinking particles are pos-15 sible sinks for DMSO in the euphotic zone (Hatton et al., 2005) . It is well-known, that DMS, DMSP and DMSO play important roles in the oceanic nutrient cycle. They are ubiquitous in the ocean and are responsible for the transfer and cycling of sulphur and carbon between different trophic levels in plankton Simó, 2004; Simó et al., 2002; Yoch, 2002) . DMSP, for example, can completely satisfy the sulphur 20 demand for bacterioplankton and can deliver 48 % of the sulphur requirement for microzooplankton Simó, 2004) . Additionally, DMSP can supply between 8 and 15 % of carbon for bacteria and can serve as an energy source, which makes it the most important single substrate for marine bacterioplankton Simó et al., 2002) . DMSO seems to be an important substrate for specialized 25 bacteria which use DMSO as carbon or electron source (Lee et al., 1999a; Simó et al., 2000) .
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Discussion Paper | Discussion Paper | Discussion Paper | Discussion Paper | Methane (CH 4 ) is an atmospheric trace gas which contributes significantly to the greenhouse effect and chemistry of the Earth's atmosphere (IPCC, 2007) . CH 4 is mainly produced by methanogenesis as part of the microbial decomposition of organic matter (Cicerone and Oremland, 1988; Ferry, 2010) . Despite the fact that methanogenesis requires strictly anaerobic conditions (see e.g. Ferry, 2010) , CH 4 concentrations 5 above the equilibrium concentration with the atmosphere are usually found in the ventilated (i.e. oxic) open ocean surface layer (see e.g. Reeburgh, 2007) . This indicates that the open ocean is indeed a source of CH 4 to the atmosphere. Several explanations for this obvious "oceanic CH 4 paradox" have been suggested. For example, methanogens might live in anoxic micro-niches such as found in sinking organic par-ticles and inside of zooplankton guts (De Angelis and Lee, 1994; Karl and Tilbrook, 1994) . Only recently Karl et al. (2008) suggested an aerobic CH 4 production pathway by Trichodesmium which can use methylphosphonate under phosphate depletion. Moreover, DMSP and its degradation products (methanethiol , methylmercaptopropionate and DMS) have been suggested as important methylated substrates for marine 15 CH 4 production (Damm et al., 2008 (Damm et al., , 2010 Finster et al., 1992; Tallant and Krzycki, 1997) . Several bacteria groups have been identified that have the ability to metabolize DMSP and/or its degradation products by producing CH 4 (Kiene et al., 1986; Oremland et al., 1989; Van der Maarel and Hansen, 1997) . Elevated CH 4 production, dependent on the DMSP consumption in the surface ocean, has been observed under oligotrophic 20 conditions as well as in a phytoplankton bloom (Damm et al., 2010) .
This study presents measurements of the surface ocean distributions of DMS, DMSP, DMSO, CH 4 and phytoplankton pigments in the western Pacific Ocean, an area that is considerably undersampled for all of the listed compounds. By using statistical methods we investigated (i) the interactions and links between the different sulphur compounds 25 and how these might control their distributions, (ii) the role of phytoplankton community composition in determining the surface distributions of the sulphur compounds and (iii) the role of sulphur compounds as potential precursors for CH 4 in the surface ocean.
All data were retrieved during a north-south transit cruise in October 2009 (Krüger and Quack, 2012) as part of the "TransBrom" project.
Methods
Water samples were collected aboard the R/V Sonne from 9 to 24 October 2009 during a transit cruise from Tomakomai (Japan) to Townsville (Australia) in order to analyse 5 the sea surface concentrations of DMS, DMSP, DMSO, CH 4 and phytoplankton composition (Fig. 1 ). Samples were collected every three or twelve hours from approximately 5 m depth using the underway pump system installed in the hydrographic shaft.
Analysis of sulphur compounds and CH 4
Three replicates from the sample bottles were taken for DMS, dissolved DMSP 10 (DMSP d ) and DMSO (DMSO d ), as well as particulate DMSP (DMSP p ) and DMSO (DMSO p ) analysis. Samples were measured immediately after collection, with the exception of DMSO. DMSO samples were stored in the dark and analysed later in the GEOMAR laboratory directly after the cruise. It has been shown that storage of DMSO in hydrolysed samples with gas tight closure does not alter the DMSO concentration 15 (Simó et al., 1998) . DMS, DMSP d and DMSP p samples were analysed by purge and trap coupled to a gas chromatograph-flame photometric detector (GC-FPD), as described in Zindler et al. (2012) (±15 %) and ±0.5 nmol l −1 (±12 %) was determined, respectively. Calibrations were conducted every second day during the cruise and during the analysis in the lab. The precision and accuracy of the system was tested in the lab prior the cruise as described in Zindler et al. (2012) . No blanks were found for DMSO, 5 which was tested in 18 MΩ MilliQ water with and without sodium hydroxide addition.
Concentrations of dissolved CH 4 were measured with a static equilibration method as described in detail in Bange et al. (2010) . Triplicate water samples for the determination of CH 4 were taken from the same underway seawater supply in parallel to the sampling of the sulphur compounds and phytoplankton pigments every twelve hours.
The samples were analysed immediately after the cruise in the GEOMAR laboratory. The mean analytical error of dissolved CH 4 was ±17 %
Phytoplankton analysis

Phytoplankton pigments and group composition
Water samples for pigment and absorption analysis were filtered on GF/F filters, shock-15 frozen in liquid nitrogen, stored at −80 • C and analysed in the AWI laboratory right after the cruise. According to Taylor et al. (2011) , the analysis of phytoplankton pigments with High Performance Liquid Chromatography (HPLC) was performed. Particulate and phytoplankton absorption was determined with a dual-beam UV/VIS spectrophotometer (Cary 4000, Varian Inc.) equipped with a 150 mm integrating sphere (external DRA-20 900, Varian, Inc. and Labsphere Inc., made from Spectralon (TM)) using a quantitative filter pad technique. Table 2 in Taylor et al. (2011) summarizes the pigments analysed in this study and provides the information about which pigments have been allocated as marker pigments for the different phytoplankton groups. According to a procedure proposed by Hirata et al. (2011) , we estimated the contributions of three phytoplankton size classes (i.e. micro-, nano-and phytoplankton representing the size classes of 20-200 µm, 2-20 µm and < 2 µm, respectively) and seven phytoplankton groups based on the measured concentrations of seven diagnostic pigments (DP) to the biomass. The DP, the calculation procedure of the weighted relationships of these marker pigments and the 5 determination of their biomasses are described in the Supplement.
Identifying phytoplankton assemblages with hierarchical cluster analysis
In order to identify clusters of phytoplankton community composition, an unsupervised hierarchical cluster analysis (HCA) according to Torrecilla et al. (2011) was applied. The HCA groups the pigment measurements from the individual stations into differ-10 ent clusters according to their phytoplankton pigment compositions. The results were evaluated with an additional clustering of hyperspectral phytoplankton absorption coefficients (described in detail in the Supplement).
Statistical analysis
Linear regression analysis performed with the statistical computing software by 15 
RStudio
TM (R Development Core Team, 2010 ; http://www.rstudio.org/) was used to identify significant correlations between sulphur compounds as well as between sulphur compounds and CH 4 . Prior to the regression analysis, data were tested for Gaussian distribution and transformed if necessary. The F-statistic, the p-value and the R 2 were calculated.
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Multiple linear regression models (MLRM) computed with RStudio TM were used to identify how the sulphur compounds might influence each other and which phytoplankton pigments might influence the sulphur compounds (for more details about the analytical procedure see the Supplement). The MLRM were performed for the entire northsouth-transit and again for the two main sub-regions referred as cluster 2 and cluster 4, No statistical analysis could be performed for cluster 1 and cluster 3 due to the lack of a sufficient amount of data in these clusters.
Results and discussion
Phytoplankton community structure in the western Pacific Ocean
In total, 106 surface stations along the north-south transit were measured. Phytoplank- • S) and in the region of the Great Barrier Reef (Fig. 1b) . Figure 2 shows the measured concentrations of marker pigments and chloro-phyll a (chl a) along the transit which were used to calculate the biomass of the major phytoplankton groups (Fig. 3) . The phytoplankton biomass was generally dominated by picoplankton (sum of biomass of prochlorophytes and other cyanobacteria), with at least 50 % contribution by the group of prochlorophytes, except in the Oyashio Current. At the stations with elevated T Chl a values, haptophytes contributed significantly to the 15 phytoplankton biomass. Diatoms and chlorophytes only made a significant contribution (between 20 and 30 %) to the biomass in the Oyashio Current.
Four phytoplankton clusters were identified in both the normalized pigment concentrations and the hyperspectral phytoplankton absorption coefficients data (Fig. 4) otic algae are dominating cluster 4 almost exclusively with prochlorophytes and other cyanobacteria contributing equally. The spatial distributions of the clusters roughly reflect the biogeographic provinces as defined by Longhurst (1998) (Fig. 4 ).
DMS, DMSP and DMSO concentrations in the western Pacific Ocean
Over the entire transit the average surface seawater (i.e. 5 m) concentrations for (2011) is similar to the range as measured in our study (1-72 nmol l −1 ). However, the DMSO d concentrations in the East China Sea (up to 357 nmol l −1 ) were much higher than those measured during our western Pacific Ocean transit and were caused by the Yangtze River plume (Yang and 15 Yang, 2011).
Linear regressions between sulphur compounds
We found a positive correlation between DMSP t and DMSO t (R 2 = 0.47, n = 104, p =< This is in agreement with the finding of Simó and Vila-Costa (2006a) who also reported 20 a correlation between DMSP p and DMSO p and concluded that both compounds have the same source, namely phytoplankton. A strong link between the DMSP and DMSO pool were also found in several studies elsewhere by Lee and De Mora (1999) . They referred to a possible direct biosynthesis of DMSO in algae cells and doubt the DMS oxidation as solely DMSO source in the ocean.
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No correlation was found between DMS and DMSO which is in contrast to the finding by Hatton et al. (1999 Hatton et al. ( , 2005 who attributed the correlation to photochemical and/or bacterial oxidation of DMS to DMSO in the water column (Hatton, 2002) . However, the oxidation of DMS as a source for DMSO in the western Pacific Ocean cannot be excluded in general: A significant positive correlation was found between DMSP d and DMSO p (R 2 = 0.35, n = 102, p =< 0.001, Fig. 5 (see Fig. 6 ). In agreement with Simó and Vila-Costa (2006a) we found a significant negative linear correlation between DMSP p : DMSO p ratios and SST for the temperature range 5 to 28
• C. Moreover, a positive trend was also visible in the SST range < 10 • C indicating that there seems to be a maximum of DMSP p : DMSO p ratios at approximately 5-10
• C. This is in line with the observations that blooms of coccolithophorids Our findings are in line with the argumentation of Simó and Vila-Costa (2006a) who proposed that (i) in warm waters DMSO enriched nano-and picoplankton is dominating the phytoplankton community (indeed we found that nano-and picoplankton was dominant during the transit, see Sect. 3.1), and (ii) high SST could be associated with surface waters receiving a high solar radiation dose which triggers a cascade reac-5 tion system, including enhanced DMSO production, as a reply to nutrient limitation and oxidative stress (Sunda et al., 2002) .
Interactions between sulphur compounds explained by multiple linear regression models (MLRM)
In order to find further statistically significant interactions between the different sulphur 10 compounds, MLRM were used. The MLRM calculations were performed either with the entire data set or with a subset of cluster 2 and cluster 4 data, respectively. Both cluster 2 and 4 were characterized by low biomass and were mainly dominated by prokaryotic algae, namely prochlorophytes and other cyanobacteria, which are not known to be DMSP producers (Keller et al., 1989) . This resulted in low DMS and DMSP concentra-
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tions (see Sect. 3.2, Fig. 1 ). In the following sections we discuss the main results of the MLRM (see Table 2 ). The complete MLRM results are listed the Supplement.
DMS
Over the entire transit, the DMS concentration could be roughly estimated by the DMSP p and DMSO p distribution (R 2 = 0.32, Table 2 , a). It is possible that the DMS 20 concentration was coupled to particulate DMSP and DMSO through the antioxidation system in algae cells (Sunda et al., 2002) . It is most likely that in the tropical waters of the western Pacific Ocean the radiative stress on phytoplankton was enhanced. Within the clusters 2 and 4 all sulphur compounds have an influence on the DMS pool (Table 1 , Supplement).
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DMSP
A link between DMSP d and the DMSO pool for the entire transit could be found (R 2 = 0.32, compounds (Simó, 2004; Stefels et al., 2007) .
DMSO
The MLRM showed that DMSP d and DMS slightly influenced the DMSO d pool for the entire transit (R 2 = 0.19, into the water column (Simó et al., 1998) or photo-oxidation of DMS to DMSO (Hatton et al., 1996) . In cluster 2, DMSO d seemed to be dependent only on the DMSP pool (R 2 = 0.28, weak correlations may result from a dependency on certain algae taxon and not on phytoplankton in general for both DMSP and DMSO. In contrast, Lee et al. (1999b) found a negative correlation between DMSO p and chl a in a Canadian Fjord. They explained this observation with an increase in photosynthetic activity and, therefore, an increase in free radicals which reacted with DMSO. Low T Chl a concentrations were 20 observed during the north-south transit, indicating that enhanced radical production due to high photosynthetic activity most likely did not occur.
The DMSO p : chl a ratio of 75 nmol −1 (Table 1) China Sea showed low chl a and elevated DMSO concentrations compared to other oceanic regions (see discussion in Sect. 3.4).
DMS and phytoplankton groups
The influence of a variety of phytoplankton groups on the different sulphur compounds for the entire transit and within the clusters 2 and 4 were also tested by using the MLRM.
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The following phytoplankton groups were tested (characteristic marker pigments are given in parenthesis): diatoms (fucoxanthin, diatoxanthin, diadinoxanthin), dinoflagellates (peridinin), cryptophytes (alloxanthin), haptophytes (19 -hexanoyloxyfucoxanthin), chrysophytes (19 -butanoyloxyfucoxanthin), prasinophytes (prasinoxanthin), chlorophytes (violaxanthin), cromophytes (anthreaxanthin) and cyanobacteria (zeaxanthin).
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Chlorophyll pigments were not used for the calculations due to their occurrence in all phytoplankton groups. The model showed that algae groups played a minor role for the DMS distribution over the entire transit. Only in cluster 2, diatoms, haptophytes and dinoflagellates were tested significantly for DMS (R 2 = 0.32, (2000) and Schäfer et al. (2010) , reporting that DMS is mainly controlled by the activity of bacterioplankton. It is most likely that only a minor part of algae-DMSP contributes to DMS reflected in the low DMS concentrations, which explains the lack of correlations between algae and the DMS along the west-
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ern Pacific Ocean transit. In addition, as stated previously, the DMS pool may undergo rapid cycling that would lead to low concentrations.
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DMSP and phytoplankton groups
Over the entire transit, the main phytoplankton groups which influenced the DMSP d distribution were chrysophytes, dinoflagellates and cyanobacteria, although cyanobacteria are not considered to be important DMSP producers (Keller et al., 1989) . Additionally, diatoms were only important in conjunction with other phytoplankton groups Table 2 in Supplement, b). In contrast, diatoms appear to be the most important algae group in cluster 2 (R 2 = 0.61, in other marine regions (Keller et al., 1989; Stefels, 2000; Steinke et al., 2002) . Surprisingly, diatoms and cyanobacteria influenced DMSP, although these algae groups are thought to be minor DMSP producers in general (Keller et al., 1989) . The diatoms and cyanobacteria were distributed in similar patterns to the DMSP producing taxa, possibly causing the model to identify them as contributors to the DMSP pool. It should be also considered that cyanobacteria were dominating the main part of the West Pacific Ocean transit and were mainly responsible for the T Chl a concentration, which correlated slightly with DMSP. In addition, some specialized diatom species in the Pacific Ocean may also be able to produce a sizable amount of DMSP. Keller et al. (1989) showed that certain species of diatoms can be significant for the DMSP pool. Thus, this alga taxon cannot be dismissed as DMSP contributor in general. Although a direct linear correlation between DMSP p and DMSP d could not be found, the pigments influencing both pools are the same, underlining the common origin but the different fates 5 of DMSP p and DMSP d . For DMSP and DMSO the same algae groups were identified as important sulphur producers but in different compositions dependent on sulphur compound and region. Field measurements conducted by Lee et al. (1999b) and culture experiments with 20 dinoflagellates and haptophytes which showed high DMSO p production (Simó et al., 1998) suggested that DMSO p might be produced by a broad range of phytoplankton comparable to that of DMSP producing algae groups. The authors did not exclude that other species, which are not known as DMSP producers, might also be responsible for a significant amount of DMSO. In this study, we also found that DMSO p correlated with phytoplankton. In addition, the phytoplankton groups which have an influence only due to their interactions were the same for DMSP and DMSO (Table 2 in Supplement). The results of the MLRM, as well as the direct correlations, show the close link between DMSP and DMSO and their similar sources in the north-south transit of the western Pacific Ocean. Additionally, the MLRM's showed similar phytoplankton groups influ-5 encing DMS as well as DMSP and DMSO but the models also emphasized that other sources might be more important for the DMS pool indicated by the absence of correlations in large regions. Cryptophytes, prasinophytes, chlorophytes and cromophytes showed no or a negligible influence on the sulphur distribution in the western Pacific.
DMSO and phytoplankton groups
Interestingly, the smallest number of correlations was found in cluster 4. This cluster 10 included mainly the oligotrophic warm waters of the West Pacific Ocean dominated by cyanobacteria. The distribution pattern of phytoplankton is similar to cluster 2. However, cluster 4 was different from other clusters by its particularly low biomass, as well as the lowest sulphur concentrations of the entire transit (Fig. 1) . It seems that the very low biomass was the main factor governing the concentrations of sulphur in this region, with 15 a minor influence of the algae composition. Thus, large regions in the subtropical and tropical western North Pacific Ocean were of minor importance for the sulphur cycle in the surface ocean.
Sulphur compounds as precursors for methane
The CH 4 concentrations during the cruise were in the range from 1.8 to 4.8 nmol l • S and in the Kuroshio Current waters (27) (28) (29) (30) • N, 133-142 • E), respectively, by Watanabe et al. (1995) . Rehder and Suess (2001) measured CH 4 surface concentrations in the range from 2.5 to 5 nmol l −1 between 38.6 and 42
• N in the Tsugaro Current outflow/Oyashio Current mixing region and a drop in CH 4 concentrations to 2.3 nmol l −1
when Kuroshio Current waters were measured in the coastal waters off Honshu further 5 south. Moreover, Bates et al. (1996) reported CH 4 concentrations between 1.6 and 3.6 nmol l −1 for a series of five latitudinal transects in the Pacific Ocean.
We found a significant positive correlation between T Chl a and CH 4 surface concentrations (R 2 = 0.69, p =< 0.001, n = 36, Fig. 7 ). There are only a few other studies which report a correlation between chl a and CH 4 (Owens et al., 1991; Damm et al., 10 2008). Watanabe et al. (1995) found a general trend but no significant correlation along 165 • E. Since the majority of the studies did not find a correlation between chl a and CH 4 and direct evidence from lab experiments with (axenic) algae cultures has not been published yet, it is widely accepted that the accumulation of CH 4 in the upper open ocean is not related to a direct production by algae.
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In our study, significant positive linear correlations were found between DMSO p and CH 4 (R 2 = 0.37, p =< 0.001, n = 31) and DMSO t and CH 4 (R 2 = 0.42, p =< 0.001, n = 33), as well as between DMSP d and CH 4 (R 2 = 0.57, p =< 0.001, n = 35) for the entire north-south transit (Fig. 8) . Additionally, we found a good correlation between CH 4 and the marker pigment for chrysophyceae (R 2 = 0.76, p =< 0.001, n = 36, 20 Fig. 7 ), which are known as DMSP producers (Belviso et al., 2001 ) and which were well correlated with DMSP d and DMSO t in our study (see Sects. 3.4.2, 3.4.3) . Therefore, we conclude that algae derived DMSP and DMSO might serve as important substrates for methanogens in the western Pacific Ocean. Damm et al. (2008) showed a significant negative correlation between DMSP t and 25 CH 4 (R 2 = 0.55) in the surface waters of an Arctic shelf region (Storfjorden, Svalbard Archipelago), which is in contrast to the positive correlation with DMSP d found in our study. Moreover, we could not find any correlation between DMSP t and CH 4 in our but could see no effect on the CH 4 production when DMSP t levels were < 5 nmol l −1
. In our study, however, a correlation 15 between DMSP d and CH 4 was found although the concentrations for both compounds were much lower. This reflects less intensive biological activity, perhaps due to different assemblages of bacterioplankton, physiological stages of the bacteria and/or nutrient limitation and oxidative stress compared to the Storfjorden.
A negative correlation between CH
Ocean during TransBrom were depleted in both phosphate and nitrate (see e.g. World
Ocean Atlas of the National Oceanographic Data Center: http://www.nodc.noaa.gov/ OC5/SELECT/woaselect/woaselect.html). Thus, the CH 4 production from DMSP in the west Pacific Ocean seems to be driven by a different mechanism than the one found in Arctic waters. Moreover, we found no correlation between cyanobacteria and CH 4 , suggesting that the CH 4 production by Trichodesmium, which has proposed for phosphate depleted regions (Karl et al., 2008) , seemed to have been negligible during the time of our cruise. In a microcosm experiment conducted in the central Arctic, three main proteobac-5 teria groups were identified as possible CH 4 producers which used DMSP as a carbon and energy source (Damm et al., 2010) : Rhodobacter, Sulfitobacter (both in the family: Rhodobacteraceae) and Mesorhizobium types. It is noteworthy that bacteria of Rhodobacteraceae are widespread in the oligotrophic oceans and have genes that metabolize DMSP (Curson et al., 2008; Moran et al., 2003 Moran et al., , 2007 ) and therefore we 10 may conclude that they could have been responsible for the CH 4 production along the north-south transit in the Pacific Ocean.
For the first time a correlation between DMSO and CH 4 could be observed in surface ocean waters. There are two possible pathways: (1) DMSO was reduced into DMS, which, in turn, acted as precursor for methane, and (2) DMSO was directly taken up 15 by methanogenic bacteria. Additionally, if DMSO is a potential substrate for the marine CH 4 production, the influence of DMSO on the CH 4 pool in the deep oceans is underestimated because of the widespread distribution of DMSO throughout the entire water column (Bouillon et al., 2002; Hatton et al., 1999) .
Summary
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Along the north-south transit of the TransBrom cruise, the western Pacific Ocean contained low biomass except in the cold Oyashio Current waters, in coastal regions in the vicinity of islands and the Great Barrier Reef. The low biomass regions were dominated by picoplankton with prochlorophytes dominating. In high T Chl a regions, haptophytes contributed significantly to the biomass. and DMSP, as well as DMSO and DMSP with T Chl a, were observed for the entire transit, suggesting a similar source for both sulphur species, namely biosynthesis in specialized algae. Several algae groups were identified as contributors to the DMSP and DMSO pool, mostly haptophytes, chrysophytes and dinoflagellates. Diatoms were also identified although they are not known to be significant sulphur producers. DMSP 5 and DMSO seemed to be influenced by largely the same algae species, indicating that DMSP producing algae might have the potential to synthesis DMSO as well.
The observed DMSP p : DMSO p ratios were extremely low and generally < 1. They seem to be characteristic for oligotrophic tropical waters representing the extreme endpoint of the global DMSP p : DMSO p ratio vs. SST relationship. It is most likely that 10 nutrient limitation and oxidative stress in the tropical West Pacific Ocean triggered enhanced DMSO production. DMSP d and DMSO p/t were positively correlated with CH 4 for the entire north-south transit, although the concentrations of both sulphur compounds and CH 4 were low. We conclude that DMSP could be considered as a potential substrate for methanogenic 
